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RQ FKDWWHU VWDELOLW\ DQDO\VLV PDFKLQLQJ HUURU SUHGLFWLRQ
FXWWLQJ SRZHU FDOFXODWLRQ WRRO ZHDU MXGJPHQW DQG FXWWLQJ
SDUDPHWHUVRSWLPL]DWLRQ7KHUHIRUHLWLVQHFHVVDU\WRHVWDEOLVK
D VXLWDEOHPRGHO IRU DFFXUDWHO\ SUHGLFWLQJ WKH FXWWLQJ IRUFHV
0DQ\VWXGLHVKDYHEHHQIRFXVHGRQWKLVLVVXH
$W SUHVHQW WKH FXWWLQJ IRUFH PRGHO PDLQO\ LQFOXGHV WKH
IROORZLQJ WKUHH W\SHV WKH HPSLULFDO PRGHO WKH DQDO\WLFDO
PRGHODQGWKHPHFKDQLVWLFPRGHODPRQJZKLFKWKHWKLUGRQH
KDV WKH PRVW H[WHQVLYH LQIOXHQFH DQG DSSOLFDWLRQ $OWLQWDV>@
GHYHORSHG D W\SLFDO PHFKDQLVWLF FXWWLQJ IRUFH PRGHO ,Q WKLV
PRGHOFXWWLQJIRUFHVDUHUHSUHVHQWHGDVWKHSURGXFWRIFXWWLQJ
IRUFHFRHIILFLHQWVDQGFKLSORDG7KHFXWWLQJIRUFHFRHIILFLHQWV
FDQ EH LGHQWLILHG E\ WKH DSSURDFK RI OLQHDU UHJUHVVLRQ
*UDGLVHN>@ SUHVHQWHG D VHPLPHFKDQLVWLF LGHQWLILFDWLRQ
PHWKRGRIWKHFRHIILFLHQWVIRUDJHQHUDOKHOLFDOHQGPLOOIURP
PLOOLQJ WHVWV DW DUELWUDU\ UDGLDO LPPHUVLRQ /L>@ DQG *DR>@
DSSOLHGDQGLPSURYHGWKLVPHWKRGLQWKHEXOOQRVHHQGPLOOLQJ
SURFHVV 7KH FKLS ORDGV FDQ EH GHWHUPLQHG DFFRUGLQJ WR WKH
HQJDJHPHQWV EHWZHHQ WKH WRRO DQG WKH ZRUNSLHFH .LP>@
FDOFXODWHG WKH FXWWHU FRQWDFW DUHD IURP WKH =PDS RI WKH
VXUIDFHJHRPHWU\DQGFXUUHQWFXWWHUORFDWLRQ<DQJ>@SURSRVHG
D VROLG WULPPLQJ PHWKRG WR GHWHUPLQH WRROZRUNSLHFH
HQJDJHPHQW PDSV %DVHG RQ WKH ZRUN RI $OWLQWDV :DQ>@
SURSRVHG DQ LQVWDQWDQHRXV FXWWLQJ IRUFHPRGHO LQZKLFK WKH
FXWWLQJ IRUFHV DUH VHSDUDWHG LQWR WZR SDUWV D QRPLQDO
FRPSRQHQW LQGHSHQGHQW RI WKH UXQRXW DQG D SHUWXUEDWLRQ
FRPSRQHQWLQGXFHGE\WKHUXQRXW
7KHFDVLQJVDUHZLGHO\XVHGWRKRXVHDQGSURWHFWWKHZKROH
DHURHQJLQH 7KH\ DUH W\SLFDO WKLQZDOOHG SDUWV ZLWK ULQJ
VKDSHGDQGFORVHGJHRPHWU\VWUXFWXUHV7KHRXWHUVXUIDFHRID
FDVLQJ LV D FXUYHG VXUIDFH DQG XVXDOO\ PDFKLQHG ZLWK EXOO
QRVH HQG PLOOV 7KH PDFKLQLQJ DFFXUDF\ DQG WKH VXUIDFH
TXDOLW\ ZLOO GLUHFWO\ DIIHFW WKH VDIHW\ DQG UHOLDELOLW\ RI WKH
DHURHQJLQH$QG WKHDFFXUDWHSUHGLFWLRQRIFXWWLQJ IRUFH LVD
NH\ IDFWRU WR DFKLHYH HIIHFWLYH FRQWURO RI WKH PDFKLQLQJ
SURFHVV+RZHYHU WKH FKLS ORDG FDOFXODWLRQGXULQJEXOOQRVH
HQG PLOOLQJ RI DHURHQJLQH FDVLQJV LV GLIILFXOW GXH WR WKH
FRPSOH[ JHRPHWULHV ERWK RI WKH WRRO DQG WKH ZRUNSLHFH
$GGLWLRQDOO\ WKH PXOWLD[LV PLOOLQJ PDQQHU PDNHV WKH
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FDOFXODWLRQ RI WRROZRUNSLHFH HQJDJHPHQW UHJLRQ PRUH
FRPSOLFDWHG




YDOLGDWH WKH IHDVLELOLW\ DQG HIIHFWLYHQHVV RI WKH SURSRVHG
PHWKRG
0HFKDQLVWLFFXWWLQJIRUFHPRGHO
)LJ  VKRZV WKH HQYHORSHRI D EXOOQRVH HQGPLOOZKLFK
FDQ EH GHILQHG E\ IRXU JHRPHWULF SDUDPHWHUV>@ WKH WRRO
GLDPHWHU' WKH FRUQHU UDGLXV5F WKH WRRO OHQJWK/ DQG WKH
IOXWHOHQJWK/I,QRUGHUWRFOHDUO\UHSUHVHQWWKHUHODWHGFXWWLQJ
SDUDPHWHUV D &DUWHVLDQ WRRO FRRUGLQDWH V\VWHP 7&6 LV
GHILQHG DW WKH FXWWHU WLS 7KH ]D[LV LV DORQJ WKH WRRO D[LV
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LV WKH QXPEHU RI IOXWHV RQ WKH WRRO L LV WKH FRQVWDQW KHOL[
DQJOHRIWKHWRRO
%DVHGRQWKHPHFKDQLVWLFFXWWLQJIRUFHPRGHOSUHVHQWHGE\
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ZKHUH .WF .UF .DF DUH WKH FXWWLQJ IRUFH FRHIILFLHQWV LQ
WDQJHQWLDO UDGLDO DQG D[LDO GLUHFWLRQV UHVSHFWLYHO\.WH.UH
.DH DUH WKH HGJH IRUFH FRHIILFLHQWV LQ WDQJHQWLDO UDGLDO DQG
D[LDO GLUHFWLRQV UHVSHFWLYHO\KMĳț LV WKH XQGHIRUPHG FKLS
WKLFNQHVVGE LV WKH SURMHFWHG OHQJWK RI WKH HGJH VHJPHQW LQ
WKHGLUHFWLRQDORQJWKHFXWWLQJYHORFLW\GVLVWKHOHQJWKRIWKH
HOHPHQWDO HGJH IW LV WKH IHHG SHU WRRWK DQGț] LV WKH D[LDO
LPPHUVLRQDQJOH
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,Q RUGHU WR FDOFXODWH WKH WRROZRUNSLHFH HQJDJHPHQW
UHJLRQ WZRRWKHUFRRUGLQDWHV\VWHPVDUHGHILQHGLQ IRXUD[LV
PLOOLQJ SURFHVV DV VKRZQ LQ )LJ  7KH ILUVW RQH LV D IL[HG
FRRUGLQDWH V\VWHP0&6 IRUPHGE\ WKH;< DQG= D[HVRI
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7KH HQJDJHPHQW UHJLRQ LV ORFDWHG EHWZHHQ WKH WRURLGDO
VXUIDFH URWDWHG E\ FXWWHU HGJHV DQG WKH ZRUNSLHFH VROLG DV
VKRZQ LQ )LJ  ,Q WKLV SDSHU WKH SUHYLRXVO\ GHYHORSHG
PHWKRG>@ LV H[WHQGHG WR FDOFXODWH WKH WRROZRUNSLHFH HQ
JDJHPHQW UHJLRQ 7KH DOJRULWKP LV DV IROORZV )LUVWO\ WKH
UHODWLYH SRVLWLRQ UHODWLRQVKLS EHWZHHQ WKH WRRO DQG WKH
ZRUNSLHFH LV IL[HG DFFRUGLQJ WR WKH GHILQLWLRQ RI OHDG DQJOH
6HFRQGO\ VHYHUDO VOLFHV DUH LQVHUWHG EHWZHHQ WKH PDFKLQHG
DQGEODQNVXUIDFHVWRJHW WKH LQWHUVHFWLRQFXUYHVEHWZHHQWKH
VOLFHV DQG WKH WRURLGDO VXUIDFH 7KLUGO\ E\ GHWHUPLQLQJ WKH
PLQLPXP GLVWDQFH IURP WKH LQWHUVHFWLRQ FXUYHV WR WKH
UHIHUHQFHSODQHV WKHUHIHUHQFHSRLQWVFDQEHREWDLQHG7KHQ
WKH HQJDJHPHQW ERXQGDU\ FDQ EH IL[HG ZLWK D VSOLQH FXUYH
ILWWHG E\ WKH UHIHUHQFH SRLQWV DQG DQ LQWHUVHFWLRQ FXUYH
EHWZHHQ WKH EODQN VXUIDFH DQG WKH WRURLGDO VXUIDFH 7KLV
PHWKRGFDQEHXVHG LQ WKUHHGLIIHUHQWFXWWLQJFDVHV ILUVWFXW
IROORZLQJFXWDQGVORWWLQJFXW





7R YDOLGDWH WKH SURSRVHG PHWKRG VHYHUDO PLOOLQJ WHVWV
ZHUHFDUULHGRXWRQDKLJKVSHHGPLOOLQJFHQWHUDVVKRZQ LQ
)LJ  $ URWDU\ G\QDPRPHWHU .LVWOHU & LV XVHG WR
PHDVXUH WKH FXWWLQJ IRUFHV &HPHQWHG FDUELGH DQG 
VWDLQOHVV VWHHO ZHUH XVHG DV WKH FXWWHU DQG WKH ZRUNSLHFH
PDWHULDOVUHVSHFWLYHO\7KHWRROLVDEXOOQRVHHQGPLOOZLWK
IOXWH  PP GLDPHWHU  PP FRUQHU UDGLXV DQG  KHOL[
DQJOH7KHZRUNSLHFHLVDF\OLQGULFDOSLSHZLWKPPLQQHU













7KH FXWWLQJ IRUFHV ZLWK WKUHH GLIIHUHQW OHDG DQJOHV DUH
GHWHUPLQHG DQG FRPSDUHG WR WKH H[SHULPHQWDO YDOXHV DV
VKRZQ LQ )LJ  )LJ  DQG )LJ  ,W FDQ EH VHHQ WKDW WKH
SUHGLFWHGDQGPHDVXUHGUHVXOWVKDYHJRRGDJUHHPHQWVLQERWK
WKHPDJQLWXGHDQGWKHWUHQGV:LWKWKHOHDGDQJOHLQFUHDVLQJ
WKH FXWWLQJ IRUFH)] ZLOO GHFUHDVH DQG WKH FXWWLQJ IRUFHV)[
DQG )\ ZLOO LQFUHDVH ,Q RWKHU ZRUGV WKH FXWWLQJ IRUFH ZLOO
GHFRPSRVHIURPWKHD[LDOGLUHFWLRQWRWKHWUDQVYHUVHGLUHFWLRQ
ZLWK WKH OHDG DQJOH LQFUHDVLQJ 7KHUHIRUH LI WKH OHDG DQJOH
LQFUHDVHVDSSURSULDWHO\ LQ WKHPLOOLQJRIDHURHQJLQHFDVLQJV
WKH FXWWLQJ IRUFH DORQJ WKH QRUPDO GLUHFWLRQ DW WKH FXWWLQJ






























FXUYHG VXUIDFHV ZDV SUHVHQWHG $QG WKH FXWWLQJ IRUFHV ZLWK
GLIIHUHQWOHDGDQJOHVZHUHGHWHUPLQHGDQGFRPSDUHGZLWKWKH
FRUUHVSRQGLQJ H[SHULPHQWDO YDOXHV 7KH UHVXOWV VKRZ WKH
FRUUHFWQHVV DQG HIIHFWLYHQHVV RI WKH SUHVHQWHG SUHGLFWLRQ
PHWKRG $ VOLFHEDVHG PHWKRG ZDV SURSRVHG IRU FDOFXODWLQJ
WKH WRROZRUNSLHFHHQJDJHPHQW UHJLRQV$QG WKHPHWKRGFDQ
EHXVHGLQWKHFXWWLQJFDVHVZLWKGLIIHUHQWOHDGDQJOHGLIIHUHQW
D[LDODQGUDGLDOGHSWKRIFXW7KHHIIHFWVRIWKHOHDGDQJOHRQ
WKH FXWWLQJ IRUFH ZHUH DQDO\]HG:LWK WKH LQFUHDVLQJ RI WKH
OHDG DQJOH WKH FXWWLQJ IRUFH DORQJ WKH WRROD[LV GLUHFWLRQ
GHFUHDVHVDQGWKHDFWLQJIRUFHRQWKHWRROGHFRPSRVHVLQWRWKH
WUDQVYHUVDOPRUH7KHUHIRUHDSSURSULDWHO\LQFUHDVLQJWKHOHDG
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